The essential oils from the different parts [inflorescences (E.a.I), stems + leaves (E.a.SL) and roots (E.a.R)] of E. aquifolium Cav. gathered in Cádiz (Spain), have been extracted by steam distillation and analyzed by gas chromatography and gas chromatography coupled to mass spectrometry. Quantitative and qualitative differences have been found between the analyzed plant parts. A total of 107 compounds have been identified. The main constituents were germacrene D (30.3%) and sesquicineole (26.7%) for E.a.I fraction, germacrene D (46.0%) and myrcene (13.8%) in the E.a.SL, while E.a.R showed phyllocladene isomer (63.6%) as a unique major compound. The percentage composition of the other constituents was lower than 5.5% in all the analyzed fractions. In agreement with other Eryngium species, no specific compound could be used as a marker for the chemotaxonomy of E. aquifolium. However, similarities in volatile composition were found between E. aquifolium and other species growing under similar environmental conditions. As far as we know, this is the first report on the essential oil of this species.
The genus Eryngium L. belongs to the Apiaceae family and, with about 250 species, has a cosmopolitan distribution practically all around the world. Fourteen of the twenty-six species described in Flora Europaea grow wildly in the Iberian Peninsula [1] . E. aquifolium Cav. is a Mediterranean perennial species that in Spain only grows in southern, dry places ( Figure 1 ). The chemistry, genetic diversity and properties of several species of Eryngium have been previously studied [2] [3] [4] , but the essential oil composition has been published for only a few species [5] . As part of our research on Eryngium species, we have previously reported the chemical composition of other species that grow in the Iberian Peninsula [5m-p]. Table 1 shows the main compounds of each species and the yield of the analyzed parts. This paper is part of our contribution to the knowledge of the chemical composition of Eryngium species with the chemical _______________ ** Part of this paper has been presented as a poster at the 40 th International Symposium on Essential Oils, Savigliano (Italy), September 6-9 2009. composition of the essential oils obtained from different parts of E. aquifolium. As far as we know this is the first report on the essential oil of this species. Table 2 shows the oil yields from the different parts of E. aquifolium analyzed in this work. Although some species of Apiaceae family are well known for their essential oils, our previous reports showed that Eryngium species yield different amounts of essential oils depending of the environment in which they grow ( Table 1) . While most of the species studied to date showed low amounts of essential oils, it is worth noting that E. aquifolium showed a significantly higher yield, similar to that of E. corniculatum. As E. aquifolium grows in one of the places in Spain with higher annual rainfall, and E. corniculatum grows in the margin of seasonal lakes, it could be possible that the oil content of this genus is affected by the available water. However, this hypothesis should be confirmed by a study under controlled conditions. The inflorescences (E.a.I) were the plant part giving rise to the highest amount of oil (0.81%). Some of the volatile constituents of the inflorescences could be responsible for attracting pollinators, as it has been previously proposed for several terpenoids [6] . The components identified from the different parts of E. aquifolium, their retention indices and their percentage composition are summarized in Table 3 where all the compounds are arranged in order of their elution from the DB-1 column, although the retention indices of compounds confirmed on a DB-Wax column have also been included. A total of 107 compoundswere identified, representing more than 95%, 90% and 82% of the total oil for inflorescences, stems and leaves, and roots, respectively. Whereas small qualitative differences were detected among the different plant parts analyzed, the quantitative ones were more significant. The main constituents of E.a.I were found to be germacrene D (30.3%) and sesquicineole (26.7%). In the E.a.SL fraction, germacrene D (46.0%) together with myrcene (13.8%) were the main compounds. A phyllocladene isomer (63.6%), a compound previously identified in other Eryngium species (Table 1) , was the unique major component in E.a.R essential oil. We have previously proposed phyllocladene and a phyllocladene isomer as possible thermoregulator compounds [5 m-n], so it seems logical that during the favorable season this compound is accumulated in the roots. Other representative constituents were myrcene (4.7%), α-eudesmol (3.3%), α-pinene (3.1%) and bicyclogermacrene (3.1%) for E.a.I, camphene (5.1%), β-gurjunene (4.0%), epi-α-muurolol (3.3%), sesquicineole (3.1%) and δ-cadinene (3.1%) for E.a.SL, and epi-α-muurolol (2.8%), δ-cadinene (2.5%) and germacrene D (2.1%) for E.a.R. All these compounds were present at percentage compositions lower than 5.5% in all the analyzed fractions. For the three compounds that could not be identified, their mass spectral fragmentation patterns have been included at the end of Table 3 .
It has been mentioned above that the genus Eryngium has a wide geographic distribution. The adaptation of every species to the different environments where they grow could therefore be the cause of their different chemical composition. The diverse species growing in Spain and studied to date only share some of their chemical constituents when they grow under similar conditions (e.g. phyllocladene isomer in E. corniculatum and E. glaciale, Table 1 ). Germacrene D is the only compound that appears in most of the Eryngium species studied to date, but the common presence of this compound in essential oils of different plants, makes impossible its use for chemotaxonomy purposes. Alternatively, 2,4,6-trimethylbenzaldehyde, a main compound in E. corniculatum, could be a good marker because it has been identified in other species both from Spain and abroad (E. foetidum, E. glaciale, The terpenoid distribution maintains the differences commented on for the chemical composition (Table 3) . Sesquiterpenes were more abundant in the aerial parts with percentage compositions of 84.3% for E.a.I and 71.1% for E.a.SL, whereas for E.a.R the yield was 17.3%. Whereas oxygenated sesquiterpenes were higher in E.a.I (42.3%), sesquiterpene hydrocarbons were predominant in E.a.SL. The root fraction showed a very different composition, with diterpenes as the main terpenoids, most of them hydrocarbons. These compounds with high molecular weights could be accumulated in the roots as a reserve or to be used during the unfavorable season.
According to our results and those previously reported [5], the Eryngium species analyzed did not show any compound that could be used as a marker for the chemotaxonomy of the genus. Nevertheless, similarities in their compositions have been found for species grown under either similar environmental conditions or habitats. It would be interesting to confirm this hypothesis in Eryngium species grown under controlled experimental conditions or in in vitro cultures.
Experimental
Plant material: Several specimens of Eryngium aquifolium were gathered in the Natural Park of Grazalema on 15 th July,1999. A voucher specimen (MACB-73211) has been lodged at the Herbarium of the Faculty of Biology, Complutense University, Madrid, Spain. Inflorescences (E.a.I), stems and leaves (E.a.SL) and roots (E.a.R) were individually analyzed.
Isolation of volatile oil:
Essential oils from the different air dried parts were isolated by steam distillation with cohobation for 8 h. according to the method recommended in the Spanish Pharmacopoeia [7] . Oils were dried over anhydrous magnesium sulfate and stored at 4ºC in the dark until analysis. The yield of the different plant parts, based on dry weight, appears in Table 2 .
Gas chromatography (GC):
Analytical GC was carried out on a Varian 3300 gas chromatograph fitted with a fused methyl silicone DB-1 column (50 m x 0.25 mm, 0.25 μm film thickness). Temperature was programmed from 95º to 240ºC at 4ºC min -1 . Injection was performed at 250ºC in the split mode (1:100). Nitrogen was used as the carrier gas (1.5 mL min -1 ). Detection was by FID at 300ºC. Injection volume for all the samples was 0.1 μL of pure oil.
Gas chromatography-mass spectrometry (GC-MS):
GC-MS was carried out on a Hewlett-Packard 5890 gas chromatograph fitted with a fused silica SE-30 capillary column (50 m x 0.22 mm, 0.25 μm film thickness), coupled to a HP 5971A mass selective detector. Column temperature was programmed from 70º-220ºC at 4ºC min -1 , and helium was used as carrier gas. MS were recorded in the scan mode at 70 eV. In order to confirm the identification of some compounds, the oil samples were also analyzed on a VG Quattro mass spectrometer operating at 70 eV ionization energy. The GC column used was a DB-Wax (60 m x 0.32 mm, x 0.25 μm) programmed from 35° to 220°C at 3°C min -1 with helium as carrier gas.
Qualitative and quantitative analyses:
Most constituents were tentatively identified by GC by comparison of their retention indices with those of authentic standards available in the author's laboratory or with retention indices from literature [8] [9] [10] [11] [12] . Further identification was achieved by GC-MS: the fragmentation patterns of the mass spectra were compared with those stored in the spectrometer data base using the WILEY.L built-in library. Other constituents were either synthesised or identified in oils of known composition. Semi-quantitative analysis was carried out directly from peak areas in the GC profile.
